Abstract. This study aims at recognizing the affective states of players from non-acted, non-repeated body movements in the context of a video game scenario. A motion capture system was used to collect the movements of the participants while playing a Nintendo Wii tennis game. Then, a combination of body movement features along with a machine learning technique was used in order to automatically recognize emotional states from body movements. Our system was then tested for its ability to generalize to new participants and to new body motion data using a sub-sampling validation technique. To train and evaluate our system, online evaluation surveys were created using the body movements collected from the motion capture system and human observers were recruited to classify them into affective categories. The results showed that observer agreement levels are above chance level and the automatic recognition system achieved recognition rates comparable to the observers' benchmark.
Introduction
The gaming business is changing with one of the latest highlights being the inclusion of body movement in their games (e.g., Nintendo Wii, Microsoft Kinect). As more and more companies move towards this new type of technology, researchers are exploring new ways to improve and measure the player's experience by considering the role of body movement in the game [1, 21] . An important aspect of the user experience is the affective one. Until recently, the main modality used to measure the affective state of people was their facial expressions [4] . Recent psychology studies, however, have revealed that body expressions are also a very good indicator of affect [e.g., 2, 3, 10] . These studies encouraged us into researching the possibility to create an automatic recognition system that would use the players' body movement to detect their affective state. Previous work on this subject has been carried by various researchers even if on a smaller scale than automatic recognition of affect from facial expression. An interesting work is presented in [5] and aims at detecting emotions from non-stylised acted body motions. The movement analysed in this study are cyclic knocking arm movements expressing either basic emotions (i.e., angry, happy, sad) or a neutral state. Using SVMs classifiers, the correct recognition rate of affective states reached 50%. However, by taking into account individual idiosyncrasies in the description of the movement, the performances increased to 81%. The recognition performances were comparable to human observers' performances (varying between 59% and 71%) for the same set of stimuli, as discussed in [2] . Another interesting study aimed at recognizing affective states is the one by Gunes and Piccardi [20] . It exploits both facial expressions and upper-body gestures. The expressions considered are anger, anxiety, disgust, happiness and uncertainty. Using BayesNet, the recognition performances reached 90% by using body expressions only.
Using acted affective postures, Kleinsmith et al.
[24] explored cultural differences in expressing and recognizing affect from body expressions. The analysis, based on the set of low-level descriptive features proposed in [24] , highlighted some differences between the cultures but showed also the possibility to build automatic recognition models that reflect the recognition of human observers from different cultures. Similar results were obtained for the Japanese culture on affective dimensions as discussed in [25] .
In all theses studies, like many others [6, 9, 10, 11, 7] , the affective states are acted and hence very stereotypical and even exaggerated making the generalization of these studies to real application scenarios more difficult.
Recently, there have been some attempts to model non-acted body expressions. A study that aims at detecting emotional states from non-acted body expression is presented in [19] . This is very relevant to our work as the scenario considered is whole-body computer games. However, the body expressions used in this study are static postures rather than movement. The recognition rates for the automatic systems were 60% on average for four affective states (concentrating, defeated, frustrated and triumphant). Their results were comparable with the human observers' level of agreement (i.e., 67% recognition rate) reached for the same set of stimuli. In the same work, the authors explore the possibility to recognize the level of arousal and valence from the postures of the players. Again, the results are comparable to human observers' agreement levels and well above chance level.
All these studies obtained quite interesting results highlighting the importance and the feasibility of using body expressions for automatic affect recognition. However, each of these studies explores a very particular type of body movement or body expression making the generalization of the results limited. Also, most of these studies focus on acted expressions.
Our focus on this study is to create a system to automatically recognize non-acted, affective expressive movements in the context of computer games. A benchmark is created from an analysis of the agreement between human observers in order to evaluate the system. The benchmark and the system are built using a dataset collected from players playing Nintendo Wii tennis games. The body movement of the players is collected during matches and represents the affective expressions that occur between the start and the end of a match point (winning or losing the point). The next session presents the method used to create the data. Section 3 describes the surveys used to build the benchmark on human observers. Finally, section 4 presents the automatic recognition system and its performance. We conclude with a result discussion and a comparison with human observers' agreement level.
